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Abstract  
In the present study Bhendi (Lady’s finger) showed significantly higher growth in plant root length, shoot length, leaf 
number, leaf area index, wet weight and dry weight in the vermicompost enriched with beneficial microbes. The 
microbe’s works on the root zone and at the canopy space as a nutrient and mineral solubilizer and mobilizer with 
enhanced photosynthetic activity to overcome the nutrient disorders. The plants showed maximum growth in the above 
mentioned characteristics in the mixture of enriched vermicompost with a foliar application which indicated its 
superiority over the vermicompost prepared without bio-inoculants and even the control. Thus enriched organic manure 
in fluenced the development of the crop and promoted stem elongation, root initiation and root biomass which suggest 
the linkage between biological effects of vermicompost and microbial metabolites that influence the plant growth and 
development. 
Keywords: Bhendi; Vermicompost; Bio-inoculants; Root zone; Canopy space and Microbial metabolites. 
Introduction 
Sustainability of agricultural systems has become an important issue all over the world. Many of the issues of 
sustainability are related to soil quality and its change with time (Karlen et al., 1997). It is well known that intensive 
cultivation has led to a rapid decline in organic matter and nutrient levels besides affecting soil physical properties. As 
India is an agriculture based country, farmers need adequate resources to replenish soil fertility and maintain the 
productivity of soil. Unfortunately, the green revolution has popularized the use of chemical fertilizers to achieve higher 
productivity. But due to continuous and indiscriminate use of fertilizers, the natural fertility of soil has been lost and this 
activity has contaminated our soil, water and food. Therefore farmers are in need of searching alternative to replace the 
chemical fertilizers. Currently, the use of organic inputs like vermicompost, biofertilizers and biopesticides is becoming 
popular in the world wide. There is a need of effective technology to deal with disposal of wastes which continues to be a 
challenge as population increases. Vermicomposting has been identified as one of the potential processes in managing 
waste, since it is a natural process, cost effective and required only shorter duration. 
Vegetables are rich sources of nutrients and vitamins, and play a major role in a balanced diet for human beings. India is 
the second largest producer of vegetables in the world (next to China) and accounts for about 15% of the world’s 
production of vegetables. 
Abelmoschus esculents L. (Moench), Bhendi (Lady’s finger) is an economically important vegetable crop grown in 
tropical and sub-tropical parts of the world. Among the immature vegetables, Bhendi is one of the major in cultivation 
and consumption in Tamilnadu.. Pods of bhendi are a source of carbohydrate, protein, vitamin and minerals. It is also a 
good source of iodine which helps in remedy of goitre for sick and elderly people.    
In spite of voluminous literature on the production of vermicompost using different substrates limited studies have 
examined the extend of reduction of inorganic fertilizers by applying vermicompost as an organic source and the effect of 
vermicompost on the yield and quality of crops which forms the main diet for people in India. However so far, no studies 
have been conducted on the enrichment of vermicompost using beneficial microbes to increase the manurial value of the 
fertilizer. In the present study vermicompost prepared using leaf litters of Ficus benghalensis and Ficus racemosa along 
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with cow dung were mixed with enriched organic manure comprising of rhizospheric microorganisms and the vermiwash 
obtained from the same were also enriched using phyllospheric microorganisms in order to increase the manure  value of 
the organic manure. The objective of this work was to compare the growth impacts of compost, vermicompost and 
enriched vermicompost along with the foliar application of vermiwash on growth and yield parameters of bhendi 
(Abelmoschus esculentus) along with this disease incidence was also observed. 
Materials and Methods 
Experimental design 
Field trials were carried out with Bhendi (Abelmoschus esculentus (L) Moench) belonging to the (Family: Malvaceae) 
using compost, vermicompost and enriched vermicompost along with a foliar application in a private farm at Tenkasi in 
Tamilnadu, India. 
The experiment was laid out in randomized Block Design (RBD) technique comprising of seven treatments including 
control with triplicates for a period of 90 days. The field trial experiments were undertaken during August – November, 
2016. Prior to this experimental study, nutrient status of compost and vermicompost produced using litters of Ficus 
benghalensis and Ficus racemosa mixed with cow dung in different proportions were estimated and based on the 
obtained results the organic fertilizers were selected for field study. 
The soil of the experimental field was clayey loam in texture. The seed variety CO.3 (Bhendi) was selected for the 
present study. It is a F1 hybrid between Prabhani Karanti X MDU.1. Plots were prepared with a dimension of 20m x 
10m. The area was divided into seven plots. The land was ploughed to form ridges and furrows at 45cm apart. The seven 
plots were named as TC, T1, T2, T3, T4, T5, and T6. The plots were treated with the following samples: TC – Control 
(100% cow dung CD) , T1 – CFR (Compost of Ficus racemosa) , T2 –CFB (Compost of Ficus benghalensis) , T3 – 
VCFR (Vermicompost of Ficus racemosa) , T4 – VCFB (Vermicompost of Ficus benghalensis) , T5 – EVCFR (enriched 
vermicompost of Ficus racemosa) , T6 – EVCFB (enriched vermicompost of Ficus benghalensis) (Table .1). Plot T5  and 
T6 were enriched with rhizosphere microorganisms namely Azospirillum, Phosphobacteria and Arbuscular fungi, tested 
for good compatibility under the trade name AMIRTHA-S consists of nutrient, as well as mineral solubilizer and 
mobilizer which works on the root zone of the plants. After preparing the field seeds were sown at a seed rate of 8kg/ha. 
The weight of 49 seeds sown was about 10 – 15gm; seven seeds were sown in each plot and then thin to 3 seeds per plot 
after 10 days. Seeds were sown at a distance of 30cm apart. Seeds were sown at a spacing of 45 × 30cm. The prepared 
field was watered everyday regularly. Along with enriched organic manure plot 5 and 6 were given a foliar application of 
AMIRTHA – F at every 15 days interval, which works on the canopy space of the atmosphere this consists of 
phyllosphere microorganisms mainly loaded with Actinomycetes, Pseudomonas fluorescens and Lactobacillus sp which 
helps in undergoing photosynthetic activities and to overcome nutrient disorders along with pest and disease 
management. 
The growth parameters like plant height, number of leaves per plant, stem circumference was recorded at 30th, 60th and 
90th days from the date of planting. The following yield parameters like number of fruits, fruit circumference, fruit 
length, fresh weight of fruits fresh and dry weight of plants, was also recorded at harvest. Randomly two plants per plot 
were harvested for the study of fresh and dry weight biomass at 90th day. The root length and shoot length was also 
recorded. The values of different treatments T1 - T6 were compared with that of control TC. The mean data were analyzed 
statistically by using Anova One way difference test at 0.05 probability levels to find the significant difference in the 
parameters studied between various treatments.  
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Table 1 - Experimental setup for plant growth studies 
Treatment Sample Abbreviation 
TC Cow Dung CD 
T1 
Compost of  
Ficus racemosa 
CFR 
T2 
Compost of  
Ficus benghalensis 
CFB 
T3 
Vermicompost of  
Ficus racemosa 
VFR 
T4 
Vermicompost of  
Ficus benghalensis 
VFB 
T5 
Enriched vermicompost 
of Ficus racemosa 
EVFR 
T6 
Enriched vermicompost 
of Ficus benghalensis 
EVFB 
Data Analysis  
Leaf Area Index  
 Leaf area index (LAI) of the plant was worked out by using the formula as suggested by Palaniswamy and 
Gomez (1974). 
                     L × W × N 
Leaf area index   = -------------------------------       
                                  Spacing adopted (cm2) 
L = Maximum length of the 3rd leaf blade from the top (cm) 
W = Maximum width of the leaf blade (cm) 
K = Constant factor (0.75 for kharif seasons) 
N = Number of leaves per plant. 
Germination Percentage 
On the 5th day the germinated seeds were counted and the % germination was computed using the given formula (Naik 
and Sreenivasan, 2009) 
                         No of seeds germinated  
Germination %   = ---------------------------------- × 100 
     No of seeds sown 
Results and Discussion 
The effects of compost, vermicompost and enriched vermicompost (with beneficial    micro organisms) on growth and 
yield parameters of Bhendi plant have been tabularized along with statistical data. Significant difference was observed in 
all the treatments as compared to control. The results of the obtained data are summarized below. 
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Seed Germination 
The influence of enriched vermicompost on the germination of crop Bhendi revealed that the maximum germination of 
94.73 and 89.47 % were noticed in Bhendi with the treatment T6 and T5 and the minimum generation was noticed as 
31.57 % in control plants. 71.42 and 88  percentage of seed germination has been registered when the seeds of soybean 
and urad were planted in soil containing vermicompost (Shozeb and Aruna, 2013). Vermicompost influences seed 
germination, chlorophyll concentration and yield (Mishra et al., 2005). 46.60% of seed germination was recorded in 
Guava when vermicompost and plant growth promoting bacteria is added with soil (Pathak et al., 2013). 
Plant Height 
Plant height ranged between 7.34 ± 0.07 to 24.11 ± 0.01 cm in 30th day, 16.31±0.21 to 52.11±0.03 cm in 60th, 31.67±0.08 
to 80.14±0.01 cm in 90th day respectively .The maximum height was recorded in treatment T6 followed by T5, T4 and T3 
in 30 th, 6 th  and 90 th  days      (Table .2). It was found that T6 and T5 treated plots showed highly significant effect on 
plant height. It may be due to higher amount of nitrogen, having greater availability of salt like nitrate, phosphate and 
potash which significantly increase plant height. Observation regarding plant height was in close conformity with the 
finding of Ansari and Sukhraj (2010). Similarly Sultana (2002) has also reported an increased plant height in Bhendi with 
enhanced cell division and formation of more tissue resulting in luxuriant vegetative growth when cultivated using 
vermicompost. Plants treated with enriched vermicompost of Ficus litters along with foliar application had a significant 
effect at (p< 0.05) on the plant height compared to control.   
Nodes per plant 
The number of nodes found per plant raised using compost, vermicompost and enriched vermicompost was recorded. 
Analysis of data showed that nodes per plant varied from 5.13±0.03 to 26.41±0.01. Maximum number of (26.41±0.01) 
nodes per plant was observed in T6 with reduced internodal distance when vermicompost enriched with microbes were 
applied to the soil whereas the minimum nodes per plant were recorded with control (5.13±0.03). It was also observed 
that plot T6 and T5 showed highly significant effect over control. Maximum pods per plant may be due to more nodes 
present on plant and due to availability of significant amount of primary growth element as expressed by (Naeem et al., 
2006). 
Number of Branches and Leaves 
The influence of different treatments on the development of number of branches revealed that in Bhendi the maximum 
numbers of 4.81±0.07, 7.21±0.12, 15.28±0.05 were noticed in T6 followed by 4.34±0.21, 6.98±0.06, 15.04±0.04 in T5 
plots at 30, 60 and 90 days of exposure period respectively . Similar impact was recorded on number of leaves as well. 
The total number of leaves was ranged between 6.01±0.03 to 11.24±0.01 at 30th day, 8.24±0.04 to 17.21±0.01 at 60th day 
and 10.33±0.05 to 32.04±0.01 at 90th of the trial. Plants grown with treatments T6 and T5 had shown maximum number of 
leaves in all the stages of plant growth. This is correlated with the findings of Pathak et al., (2013), they found increased 
number of leaves in guava while incorporating phosphobacteria with vermicompost.  
Root and Shoot Length 
The root length measured were 28.01±0.02cm in T6 and 21.72±0.01cm in T5 treated plots where vermicompost was 
enriched with microbes whereas the corresponding values were 17.36±0.02cm in T4 and 14.18±0.03cm in T3 treated 
plants where vermicompost was applied as an organic source without enrichment (Table.2). The length of the shoot was 
recorded to be 48.19±0.01cm in T6 followed by 41.17±0.02cm in T5 which was higher as compared to control plot 
15.11±0.04 cm (Plate 1). Incorporation of vermicompost at 10 to 60% along with the base medium resulted in increase of 
plant height and lateral shoot length (Ali, 2014). The statistical analysis of the data shows that there is a significant 
difference (p<0.05) among the treatments compared to control. 
Flowering 
Early flowering was observed in plots T6 and T5 whereas it took more time for flower initiation in control plot. Early 
flowering may be due to the integrated effect of enriched vermicompost having soil microbes, nitrogen fixing bacteria, 
phosphate solubilizing bacteria and growth hormone auxin, gibberellins and cytokinins which influence and enhance the 
efficiency of nitrogen which initiates early flowering. The flower size measured was with a radius of 2.5cm and the petal 
length was 4cm in T6 treated plant (Plate 1). 
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Table 2- Influence of different treatments on vegetative growth parameters of crop Bhendi in an exposure period of 30
 th
, 60
 th
 and 90
 th
 
days 
(Mean ± SD) 
Treatments 
Plant height in (cm) Number of leaves per plant Root length in (cm) Shoot length in (cm) 
Exposure period in days Exposure period in days Exposure period in days Exposure period in days 
30 60 90 30 60 90 30 60 90 30 60 90 
TC 7.34 ± 0.07 16.31 ± 0.21 31.67 ± 0.08
NS 6.01 ± 0.03 8.24 ± 0.04 10.33 ± 0.07NS 4.97 ± 0.03 7.13 ± 0.07 8.24 ± 0.14NS 8.23 ± 0.07 10.67 ± 0.07 15.11 ± 0.09NS 
T1 11.33 ± 0.13 28.14 ± 0.18 43.01 ± 0.03* 7.11 ± 0.02 9.03 ± 0.02 13.01 ± 0.04* 5.18 ± 0.08 8.15 ± 0.09 10.73 ± 0.01* 8.86 ± 0.08 14.33 ± 0.04 22.31 ± 0.01* 
T2 13.21 ± 0.25 29.13 ± 0.14 48.33 ± 0.02* 8.24 ± 0.02 10.11 ± 0.03 13.48 ± 0.05 6.24 ± 0.01 10.24 ± 0.02 11.24 ± 0.04* 9.34 ± 0.03 16.24 ± 0.02 29.38 ± 0.02* 
T3 17.04 ± 0.12 41.11 ± 0.16 59.21 ± 0.04* 10.31 ± 0.01 13.21 ± 0.05 16.07 ± 0.02* 6.71 ± 0.04 13.96 ± 0.05 14.18 ± 0.03* 11.21 ± 0.01 20.12 ± 0.09 30.01 ± 0.04* 
T4 18.38 ± 0.36 43.09 ± 0.15 68.34 ± 0.03* 10.84 ± 0.01 14.34 ± 0.01 18.21 ± 0.01* 7.01 ± 0.03 15.92 ± 0.01 17.36 ± 0.02* 13.64 ± 0.03 23.34 ± 0.05 38.12 ± 0.05 
T5 21.32 ±0.04 48.12 ±0.05 71.21 ± 0.01* 11.01 ± 0.01 16.01 ± 0.01 25.01 ± 0.01* 7.48 ± 0.02 17.04 ± 0.05 21.72 ± 0.01* 14.82 ± 0.02 25.09 ± 0.03 41.17 ± 0.02* 
T6 24.11 ±0.01 52.11 ± 0.03 80.14 ± 0.01* 11.24 ± 0.01 17.21 ± 0.01 32.04 ± 0.01* 8.62 ± 0.01 20.21 ± 0.05 28.01 ± 0.02* 15.36 ± 0.01 27.12 ± 0.05 48.19 ± 0.01* 
F-value 18.15 5.812 6.513 12.744 
P-value 4.83E-05 0.01 0.007 0.0003 
Mean values are statistically significant (P< 0.05); NS- Not significant;*-Significant 
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Plate 1- Effect of compost, vermicompost and enriched vermicompost on growth and yield 
parameters of Bhendi crop  
 
    Influence of different treatments on 30th day                       Influence of different treatments on 60th day 
Influence of different treatments on 90
th
 Day 
 
TC – Cow dung     T1 – Compost of Ficus racemosa 
T2 – Compost of Ficus benghalensis  T3 – Vermicompost of Ficus racemosa 
T4 – Vermicompost of Ficus benghalensis T5 – Enriched vermicompost of Ficus racemosa 
T6 – Enriched vermicompost of Ficus benghalensis 
Stem Circumference 
Plant stem circumference ranged between 0.84±0.18 to 2.04±0.04 cm in 30 day, 1.34±0.07 to 4.12±0.03 cm in 60 days 
and 2.31±0.06 to 6.21±0.03 cm in 90 days of exposure. The maximum stem circumference was recorded in T6 followed 
by T5, T4 and T3 treatment.  
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Leaf area index 
The maximum leaf area index of 102±0.04 and 270±0.01 cm2 was recorded in the leaves of plant grown with enriched 
vermicompost respectively on 60th and 90th day. But the plants grown in vermicompost recorded maximum leaf area 
index was 70±0.16 and 28.6±0.21 cm2 in T4 and T3 on 60
th day. Likewise a maximum of 13.33±0.17 and 5.6±0.09 cm2 
was recorded in plants grown with compost on 30th day. Significant difference in all the treatments was observed 
compared to control. The satisfactory rate of photosynthesis and meristamatic activity may be the main factor causing 
increased girth of the stem region.  
Table 3- Effect of different treatments on the yield parameters of Bhendi (Mean ± SD,n = 3) 
Treatments 
 
Fruit length in 
(cm) 
Fruit diameter 
in (cm) 
Fruit weight in 
(gm) 
Number of fruits 
per plant 
Number of seeds 
per fruit 
TC 9.06 ± 0.07 3.8 ± 0.05 6.24 ± 0.04 5.01 ± 0.12 34.01 ± 0.08 
T1 11.68 ± 0.02 4.2 ± 0.03 7.84 ± 0.04 6.38 ± 0.08 47.12 ± 0.21 
T2 13.94 ± 0.01 4.9 ± 0.01 8.13± 0.05 7.62 ± 0.04 49.08 ± 0.11 
T3 14.18 ± 0.03 5.4 ± 0.04 9.28 ± 0.02 8.01 ± 0.14 53.14 ± 0.14 
T4 15.21 ± 0.05 6.2 ± 0.02 10.41 ± 0.03 10.33 ± 0.03* 58.31 ± 0.28 
T5 17.04 ± 0.01* 7.4 ± 0.02 16.17 ± 0.02* 14.18 ± 0.02* 61.04 ± 0.02* 
T6 19.03 ± 0.01* 8.6 ± 0.01 19.89 ± 0.01* 17.01 ± 0.01* 69.11 ± 0.01* 
F-value 0.003 3.22E-05 6.26E-06 3.37E-07 2.41E-05 
P-value 0.997 0.99 0.999 0.99 1.00 
Mean values are statistically significant (P< 0.05;*-Significant 
Yield Parameters 
The influence of different treatments on fruit number revealed that in Bhendi the maximum of 17.01±0.01 was observed 
in T6 and minimum in control plant as 5.01±0.12 (Table.3). The present findings are comparable with the earlier research 
reports (Muddasir and Agarwal, 2013). Improvement of yield is possibly due to plant growth regulators released by the 
microbes and humates of vermicompost (Canellas et al., 2000; Atiyeh et al., 2002a). Application of vermicompost 
showed improved soil fertility, greater uptake of nutrients and yield (Prabha et al., 2007). (Plate 6) Maximum number of 
fruits per plant may be due to significant effect of nitrogen and phosphorus as reported by (Ahmed et al., 1999). The 
maximum length of the fruit was recorded in T6 (19.03±0.01) followed by T5 (17.04±0.01), T4 (15.21±0.05) and 
(14.18±0.03) in T3 while the minimum length was recorded (9.06±0.07) in control. The similar trend of fruit length was 
observed in fruit diameter, fruit weight and number of fruits per plant. Also, this result is similar to the findings of 
Khatun et al., (2010) who observed significant increase in fruit height, fruit diameter, number of fruits per plant and 
individual fruit weight with the effects of different tree litters. It also coincides with the results obtained by Abd et al., 
(2010) who observed the effects of plant residues on some vegetative growth parameters and yield of Bhendi. Similar 
findings were observed by Sivagami Sundari and Gandhi, (2013) on determining the effects of different organic wastes 
on growth and yield of Bhendi.  Fresh and dry weight of bhendi crop was also observed to be maximum in T6 and T5 
plots treated with enriched vermicompost along with a foliar application of vermiwash at 90th day of exposure (Plate 2). 
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Plate 2- Effect of enriched vermicompost on vegetative parameters 
 
Whole plant exposed to control and enriched vermicompost 
 
 
 
 
 
 
 
 
 
 
               
 
 
 
Control                                                   T5                                                             T6 
Effect of different treatments on root formation and internodal distance 
No of seeds per fruit  
Observed data of (Table.3) shows that the number of seeds per fruit varied from 34.01±0.08 to 69.11±0.01. It was also 
found that maximum seed of 69.11±0.01 per fruit were produced with treatment T6 followed by 61.04±0.02 in T5 and 
minimum seed of 34.01±0.08 per fruit was with control. Increase in the number of seeds per pod may be due to the 
nutrients from organic sources which have led to an increase in the various endogenous hormonal levels in the plant 
tissues and might be responsible to enhance pollen germination resulting in increased number of seeds and yield as 
expressed by Rajagopal and Rao (1974). 
Various green house and field studies have examined a variety of vermicomposts on wide range of crops including 
cereals and legumes (Kale et al., 1992). Generally, the results of this study showed that the usage of vermicompost and 
enriched vermicompost differed greatly in their biomass production of Bhendi (Abelmoschus esculentus) than that of 
control. The root formation was found to be dense which resulted in reduced internodal distance with increased number 
of deep tap roots. Internodal distance was found to be about 3cm in treatment T6 whereas it was about 5.4 cm in control 
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plants. The reduction in internodal distance is one of the factors for obtaining maximum number of fruit yield in T6 and 
T5 plots treated with enriched vermicompost.      
The enhancement observed in biomass might be due to increased macronutrient (nitrogen, phosphorus, potassium and 
magnesium) uptake of crop Bhendi. This is supported by previous studies that have used chickpea seedlings (Singh et al., 
2003). Results also showed that the plant height, root and shoot length, leaf number, fruit diameter and fruit weight were 
significantly different for Bhendi treated with enriched vermicompost and vermicompost than control. In addition 
eventhough there were no significant difference between the plots treated with enriched vermicompost and 
vermicompost; plants treated with enriched vermicompost grows better than only vermicompost and compost treated 
plants. These remarkable results indicate that enriched vermicompost has great potential as a plant growth media. The 
enhancement in plant growth has also been attributed to various mechanisms, such as modification in soil structure, 
changes in water availability, addition or increased availability of macro and micro nutrients, stimulation of microbial 
activity, augementation of the critical enzyme activities. 
 Application of vermicompost as a bio-inoculant helps to introduce the beneficial microorganisms into the rhizosphere of 
plants which stimulates the nitrogenase enzyme responsible for N-fixation of atmospheric N in plants. This in turn 
enriches the N status of soil; thereby increasing the availability of N. Vermicompost enrichment increased the availability 
of N and P by encouraged multiplication of beneficial microorganisms. The available nutrient status of the soil was 
greatly enhanced by the application of vermicompost as inoculants or as an organic source. 
In the present trial the combination of enriched vermicompost along with a foliar application of vermiwash were found to 
improve the growth and yield parameters of Bhendi in T6 and T5 plots. However, the combination of these enriched 
organic manures (AMIRTHA– S + AMIRTHA-F) along with vermicompost was found to be more effective in 
developing resistance against disease and preventing nutrient disorders which ultimately resulted in increased growth and 
yield of the crop. According to Lalitha et al., (2000) applications of organic fertilizers have an emphatic effect on plant 
growth and production. The present data clearly indicate a better performance of Bhendi using the combination of 
enriched vermicompost and foliar application of vermiwash. Similar results are in agreement with those obtained by 
(Lalitha et al., 2000). Thus organic farming is an effective option for agricultural fields in cropping of Bhendi 
(Abelmoschus esculentus), which will yield a quality product with improved soil fertility for a longer period. 
Conclusion 
By implementing vermitechnology, the transition from chemical nutrition to bio-nutrition can be quick, without a 
significant loss in yield. This helps in the management of land without affecting ecological processes. Thus, it can help 
achieve Sustainable Land Management, the foundation of sustainable agriculture. 
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